It has long been known that the turbulent transport is related to the time scale of energy containing large eddies and the dissipation of turbulent kinetic energy is related to the time scale of fine scale eddies in the dissipation range [23] . In M-S turbulence models, the turbulent transport of mass and momentum is described using the time scale of the large eddies and the dissipation rate is described using the time scale of In numerical calculations of turbulent flows, the near-wall turbulence is usually described using the wall functions [25] , two-or multi-layer turbulence models [26, 27] , and low Reynolds number turbulence models [28] .
In the present study, the near-wall turbulence is described by a "partially 
where
and the density is obtained from the perfect gas law given as p=pRT. The specific heat was obtained from a curve-fitted 4-th order polynomial, see [31] for details.
The pressure correction equation valid for both incompressible and compressible flows is described below.
As in the standard pressure correction method, the density, the velocity, and the pressure are decomposed as;
Substituting eqs. (7-9) into eq. (I) yields:
The third term on the left hand side of eq. (Ii) is neglected for simplicity in any of the pressure correction algorithms discussed below.
The incremental pressure is related to the incremental density and the incremental velocities as;
ay where eq. (12) 
In the present numerical method, all flow variables, except pressure, are located at the samegrid points and the pressure is located at the centroid of the cell formed by the four neighboring grid points. A few remarks on the pressure correction algorithm are in order for clarity. In the more standard pressure correction algorithms, the discrete pressure The capability to solve compressible flows with shock waves is achieved by the convective incremental pressure terms, the first two terms in the left hand side of eq. (15). These two terms properly take into account the hyperbolic nature of supersonic flows, and enable the capture of shock waves. In low Machnumber flows and in the near-wall boundary layers of supersonic flows, the variation of density mostly depends on the local temperature. However, the dependenceof density on temperature 
The eddy viscosity is given as; 
and the eddy viscosity for the near-wall layer is given as; equations into asymptotic equations for the decay rate of grid turbulence [33] and the growth rate of turbulence intensity [34] . Lastly, of practical importance, the eddy viscosity equation given as eq. (24) is inconsistent with the near wall analysis unless kt vanishes in the near-wall equilibrium region, see [3] . In application to complex turbulent flows, arbitrary ratios of kt/_ were used as a near wall boundary condition together with the standard wall functions [24, 35] . A wall function for the M-S turbulence model obtained from a near-wall analysis is given in [3], if any wall function need to be used. Also an arbitrary ratio of kt/k p was used as an inlet boundary condition in a number of boundary layer calculations [35] .
In this case, the calculated shear layer expands rapidly so that the In the following calculations, the inlet boundary is located at one 
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